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Abstract 
 
Rhizoctonia root rot, caused by Rhizoctonia solani, is a major disease of soybeans in the north-
central United States. The emergence of glyphosate resistant weeds and the payment premium 
for growing non-GMO soybeans has increased the use of non-glyphosate herbicides. However, 
some of these herbicides may increase the severity of root rot caused by Rhizoctonia solani 
Field and greenhouse studies were conducted to evaluate the potential interaction among 
glyphosate-tolerant soybeans, post emergence herbicides (glyphosate, acifluorfen, lactofen, 
imazethapyr), and fungicide seed treatments (azoxystrobin, pyraclostrobin, trifloxystrobin). 
Inoculum of R. solani (AG 2-2) was planted along with treated seed. Herbicides were applied at 
recommended field rates at the V4 growth stage. Plant stand was rated after seedling emergence, 
and soybean roots samples were collected two weeks after herbicide application. Based on the 
data of field study from two locations (Champaign, IL and Monmouth, IL) and the data from 
greenhouse trials, plant stand was found to be significantly increased in the fungicide treated 
plots compare to non-treated plots, and analysis of variance revealed a significant treatment 
effect on root rot severity. Lactofen treated plants showed the highest disease severity levels and 
reduced yields. The azoxystrobin seed treatment provided the best protection against Rhizoctonia 
root rot. There was no significant difference of root rot severity between glyphosate treated and 
non-treated plants. 
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CHAPTER 1: Introduction and Literature Review 
Soybeans (Glycine max (L.) Merrill) are produced in most parts of the world and are a primary 
source of vegetable oil and protein. Soybean meal is primarily used as feed for swine, poultry, 
fish and household pets. It also is used to produce low-cost, nutritionally balanced foods and 
food supplements for human consumption. The use of soybean products increases annually and 
reflects the high value of this crop. 
Many pathogens can infect soybean plants, causing diseases and reductions in yield. Rhizoctonia 
root rot, caused by the fungus Rhizoctonia solani Kuhn [teleomorph: Thanatephorus cucumeris 
(Frank) Donk], is a common disease of soybean in the north central region of the United States 
(Doupnik, 1993). R. solani was first reported by Kuhn on potato in 1858. It is now the most well-
studied and documented species in the genus Rhizoctonia. Rhizoctonia solani is a member of the 
basidiomycota that does not produce any asexual spores. In rare cases the fungus produces 
sexual basidiospores. However, it usually exists in a vegetative form, as mycelia or sclerotia. 
Due to a lack of conidia and basidiospores, it has been very challenging to work on the taxonomy 
of this fungus. The classification of the fungus was mostly based on morphology and host 
specificity before the anastomosis reaction was first introduced in the 1960s. In 1969, J. R. 
Parmeter introduced the concept of "hyphal anastomosis" to classify Rhizoctonia solani based on 
the compatibility of individual isolates to fuse with each other. Isolates that are genetically 
closely related have the ability to recognize and fuse with each other, while those that are not 
compatible are less closely related. Currently, a system of four (C0-C3) hyphal anastomosis 
reactions is used. C0 indicates different AGs (anastomosis groups) and is characterized by no 
hyphal interaction. C1 represents a distant relationship, which might be different anastomosis 
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groups; the interaction is characterized as contact between hyphae but not wall or membrane 
penetration. C2 represents related isolates that are in the same AG but in different vegetatively 
compatible populations; the interaction is characterized by wall connections but incompatible 
cytoplasmic fusion and cell death. C3 indicates that the isolates belong to the same AG and same 
vegetatively compatible population; the interaction results in both wall and membrane fusion. 
Currently, we have very limited knowledge of the molecular mechanism responsible for this 
recognition and reaction among different R. solani groups. Isolates of R. solani have been 
classified into twelve AGs. Of these anastomosis groups, AG2, AG4, and AG5 are the primary 
pathogens on soybean, but AG5 is usually less virulent than the other two (Nelson et al, 1996). 
Rizvi and Yang (1996) reported that 27% of the fungal taxa isolated from soybean seedlings in 
Iowa in 1993 and 1994 were identified as R. solani. The fungus causes pre-emergence and post-
emergence damping-off, root rot and aerial leaf blights on soybean around the world. The 
primary infection sites for this fungus are the seeds, roots and hypocotyls of the plants. In rare 
instances, R. solani will also infect above-ground plant parts. A typical symptom of the disease is 
brown lesions on the plant stems and roots. In severe conditions it will cause plant girdling and 
seedling damping-off. Stand and yield losses up to 50% in soybean have been reported (Sharon, 
1992). Wrather et al. (1997) estimated a 10,8000 ton soybean yield loss in the top ten soybean 
producing countries and a 68,000 ton yield loss in the United States caused by Rhizoctonia and 
Pythium root rots combined in 1994. 
The recommended disease management strategies for Rhizoctonia rot include planting pathogen 
–free seed; reducing stress from herbicide injury, insect wounding, and soybean cyst nematode 
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feeding; removing debris from previous seasons and rotating with other crops to minimize 
primary inoculum levels.  
The effect of herbicide application on plant disease has been studied on many different crops and 
pathogens. Most of the data has come from field studies, so there is still no clear explanation of 
how herbicide application can affect plant disease. This effect might be due to the direct 
interaction of herbicide and pathogen or to the reduced vigor of the plant resulting from 
herbicide application (Duke, 2007).  
There are several studies showing the enhancement of plant disease resulting from herbicide 
treatment. Wyse (1976) reported applications of EPTC (S-ethyl dipropylthiocarbamate) 
increased root rot severity and reduced yield levels of navy bean. Previous reports showed that 
treatment with the herbicides trifluralin, pendimethalin, chlorsulfuron and metolachlor increased 
R. solani incidence or Rhizoctonia disease severity in common beans, cotton, wheat, barley and 
maize (Wrona, 1981; Pinckard and Standifer, 1966; Heydar, 1998; Neubauer, 1973; Rovira and 
McDonald, 1986; Summer and Dowler, 1983; Smiley, 1992). More recently, Yang (2002) and 
Bradley (2002) reported that soybeans treated with imazethapyr and acifluorfen had increased 
Rhizoctonia disease severity levels both in greenhouse and field experiments. Bowman and 
Sinclair (1989) reported that under greenhouse conditions, pre-treatment of R. solani infested soil 
with the herbicides alachlor, chloramben, dinoseb, fluchloralin, or naptalam can lead to higher 
Rhizoctonia root rot disease severity and reduced soybean seedling growth.  
There are also some cases in which herbicide treatment has a direct effect on the pathogen, either 
inhibiting or stimulating pathogen growth and colonization. Herbicides that have been reported 
to inhibit the growth of R. solani in vitro are atrazine and paraquat (Rodriguez et al., 1966) and 
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acifluorfen, alachlor, glufosinate, glyphosate, and pendimethalin (Black et al., 1996). The 
herbicide glufosinate is an non-selective herbicide; it also has antimicrobial activity that can 
protect crops like soybeans (Pline et al., 2001) and bentgrass (Wang et al., 2003) from different 
fungal or bacterial pathogens. Dann (1999) reported herbicide lactofen treatment suppressed 
Sclerotinia stem rot of soybean. Hagedorn and Binning (1982) reported that root and hypocotyl 
rot of bean was suppressed by the herbicide dinoseb, and El-Khadem and Papavizas (1984) 
reported that the herbicides EPTC and linuron applied to soil under field conditions decreased 
post-emergence damping-off of cotton caused by R. solani. It is common that low rates of 
herbicide can stimulate in vitro pathogen growth (Yu et al., 1988; Duke et al., 2006). 
The introduction of herbicide-tolerant crops is a significant advance in crop protection. 
Glyphosate-tolerant soybean, first introduced in 1996, was the first transgenic commercially 
available herbicide-tolerant crop. The expected benefits of glyphosate-tolerant soybean cultivars 
are decreases in total herbicide usage, reduced plant injury, and better weed control. Although 
the use of glyphosate has many advantages over other herbicides in terms of weed management, 
some research has shown that applications of glyphosate can result in increased plant disease in 
several crops. For example, application of glyphosate has been shown to result in increased 
populations of several fungi in soil (Levesque, 1987; Sinclair, 1989). Glyphosate was shown to 
block the production of phenolic compounds, which has important effects on plant disease 
resistance (Levesque, 1992), thus leading to increased disease susceptibility in various crops 
(Lucas, 1985; Moesta, 1982; Smiley, 1991). More recently, in a study by Sanogo et al. (2000), it 
was reported that glyphosate tolerant soybean cultivars had a higher incidence of infection by 
Fusarium solani f. sp. glycines following glyphosate application, but Njiti (2003) reported that 
glyphosate treatment did not have an effect on enhancing sudden death syndrome disease 
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severity on glyphosate tolerant soybeans. Fernandez (2005) and Larson (2006) reported that 
Fusarium head scab, caused by Fusarium spp., increased after glyphosate application. 
Corynespora root rot disease of soybean, which is a minor soybean disease, can become a severe 
disease following application of glyphosate (Huber et al., 2005). The effect of glyphosate 
application on plant disease severity is still somewhat controversial (Johal and Huber, 2009), as 
the effects have been inconsistent and difficult to verify. 
Many of the new and effective fungal disease control chemicals belong to the QoI family of 
fungicides. The first fungicides in this family were isolated from the mushroom Strobilurus 
tenacellus, so they were called strobilurins. The QoI fungicides can control a broad spectrum of 
fungal diseases, including diseases caused by powdery mildews, leaf spotting and blighting 
fungi, fruit rotters, and rusts. They have now been applied on various types of plants, such as 
field crops, vegetables, fruit crops, and turf grass. Previous studies have shown that azoxystrobin 
and pyraclostrobin (members of the QoI fungicide group) were able to inhibit R. solani on sugar 
beet (Windels and Brantener, 2005) and rice (Lannoiselet, 2005). 
Before the introduction of glyphosate and glyphosate tolerant soybeans, soybean growers mostly 
relied on imidazolinones and dinitroaniline for weed control in the field. Since the release of 
glyphosate on 1996, soybean growers have tended to rely almost exclusively on glyphosate for 
weed control (Young, 2006). However, in the past few years, the emergence of glyphosate 
resistant weeds and the payment of premium prices for growing non-genetically modified (non-
GMO) soybeans has increased the use of non-glyphosate herbicides. A recent report has shown 
that over 25% of glyphosate tolerant soybeans also receive non-glyphosate herbicide treatments 
(Dill, 2008). Previous reports have shown that some of the non-glyphosate herbicides can 
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increased Rhizoctonia disease severity on soybeans, so soybean growers want to know whether 
fungicide seed treatments can protect soybeans against herbicide induced disease severity to 
Rhizoctonia solani, which could otherwise lead to significant yield losses. 
The objectives of this research were to :1) evaluate the effects of post-emergence applications of 
the herbicides lactofen, imazethapyr, and acifluorfen on Rhizoctonia damping-off and root rot 
severity, and yield; 2) determine the effectiveness of seed treatments with QoI fungicides for 
reversing herbicide induced susceptibility of soybeans to Rhizoctonia damping-off and root rot; 
3) evaluate the effects of post-emergence applications of glyphosate on Rhizoctonia damping-off 
and root rot severity, soybean growth, and yield. 
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CHAPTER 2: Field Studies of the Interactions of Post Emergence Herbicides, Strobilurin 
Fungicides and Rhizoctonia Root Rot of Soybean 
Abstract 
The emergence of glyphosate resistant weeds and the payment of premiums for growing non-
GMO soybeans has, in recent years, increased the use of non-glyphosate herbicides. However, 
some of these herbicides may increase the severity of root rot caused by Rhizoctonia solani, a 
common, soilborne disease of soybeans in the north-central region of the United States. Field 
studies were conducted to evaluate the potential interactions among glyphosate-tolerant 
soybeans, post emergence herbicides (glyphosate, acifluorfen, lactofen, imazethapyr), and 
fungicide seed treatments (azoxystrobin, pyraclostrobin, trifloxystrobin). Inoculum of R. solani 
(AG 2-2) was planted along with fungicide treated seed. Herbicides were applied at 
recommended field rates at the V4 growth stage. Plant stands were counted after seedling 
emergence, and soybean samples were collected two weeks after herbicide application. Based on 
the data from two locations (Champaign and Monmouth, IL), plant stand was significantly 
increased in the fungicide seed treated plots compare to non-treated plots. Analysis of variance 
revealed a significant herbicide treatment effects on root rot severity, and lactofen treated plants 
showed the highest levels of disease severity and the most reduced yields. The azoxystrobin seed 
treatment provided the most effective protection against Rhizoctonia root rot disease. There was 
no significant difference of root rot severity between glyphosate treated and non-treated plants.  
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Introduction 
The emergence of glyphosate resistant weeds and the payment of premiums for growing non-
GMO soybeans have increased the use of non-glyphosate herbicides. Previous reports have 
shown that some of the non-glyphosate herbicides can increased Rhizoctonia disease severity on 
soybeans, so soybean growers want to know whether fungicide seed treatment can protect 
soybeans against herbicide induced disease severity to Rhizoctonia rot, which can lead to 
significant yield losses. 
The effect of herbicides application on plant disease has been studied on many different crops 
and pathogens. Most of the data has come from field studies, and there is still no clear 
explanation on how herbicide applications can affect plant diseases. This effect might be due to 
direct interaction of herbicides and pathogens or result from the reduced vigor of the plant 
caused by herbicide application (Duke, 2007).  
There are studies showing the enhancement of plant disease resulting from herbicide treatments. 
Wyse (1976) reported that application of EPTC (S-ethyl dipropylthiocarbamate) increased root 
rot severity and reduced yields of navy bean plants. Previous reports showed that treatment with 
the herbicides trifluralin, pendimethalin, chlorsulfuron and metolachlor increased R. solani 
incidence or Rhizoctonia disease severity in common beans, cotton, wheat, barley and maize 
(Wrona, 1981; Pinckard and Standifer, 1966; Heydar, 1998; Neubauer, 1973; Rovira and 
McDonald, 1986; Summer and Dowler, 1983; Smiley, 1992). More recently, Yang (2002) and 
Bradley (2002) reported that soybeans treated with imazethapyr and acifluorfen had increased 
Rhizoctonia rot severity levels in both greenhouse and field experiments. Bowman and Sinclair 
(1989) reported that under greenhouse conditions, pretreating R. solani infested soil with the 
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herbicide the alachlor, chloramben, dinoseb, fluchloralin, or naptalam can lead to higher 
Rhizoctonia root rot severity levels and to reduced soybean seedling growth.  
Several studies have shown that glyphosate application can lead to increases in root disease in 
various crops. For example, application of glyphosate has been shown to result in increased 
populations of several fungi in soil (Levesque, 1987; Sinclair, 1989). Glyphosate also was shown 
to block the production of phenolic compounds involved in disease resistance of host plants 
(Levesque, 1992), leading to increased disease susceptibility in various crops (Lucas, 1985; 
Moesta, 1982; Smiley, 1991). More recently in a study by Sanogo et al. (2000), it was reported 
that glyphosate tolerant soybean cultivars had a higher incidence of infection by Fusarium solani 
f. sp. glycines following glyphosate application. However, Njiti (2003) reported that glyphosate 
treatment did not have a significant effect on sudden death syndrome severity on glyphosate 
tolerant soybeans. Fernandez (2005) and Larson (2006) reported that Fusarium head scab, caused 
by Fusarium spp., increased after glyphosate application. Corynespora root rot of soybean, 
which is usually a minor soybean disease, can become severe on soybeans treated with 
glyphosate (Huber et al., 2005). However, the effect of glyphosate application on plant disease is 
still a somewhat controversial subject (Johal and Huber, 2009), as effects have been inconsistent 
and results difficult to verify. 
Many of the newest and most important disease-control chemicals are in the QoI family of 
fungicides including the strobilurin group of fungicides. Previous studies showed that 
azoxystrobin and pyraclostrobin (both strobilurin fungicides) were able to inhibit R. solani on 
sugar beet (Windels, 2005) and rice (Lannoiselet, 2005). Three strobilurin fungicides 
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(azoxystrobin, pyraclostrobin, and trifloxystrobin) are currently registered for use as seed 
treatments on soybeans.  
The objectives of this research were to :1) evaluate the effects of post-emergence applications of 
the herbicides lactofen, imazethapyr, and acifluorfen on Rhizoctonia damping-off and root rot 
severity, and soybean yield under field conditions.; 2) determine the effectiveness of seed 
treatments with strobilurin fungicides for reversing the herbicide induced susceptibility of 
soybeans to Rhizoctonia damping-off and root rot; and 3) evaluate the effects of post-emergence 
applications of the glyphosate on Rhizoctonia damping-off and root rot severity, soybean growth, 
and yield.  
Materials and Methods 
Soybean cultivar  
In 2009, the glyphosate tolerant soybean cultivar Asgrow 3101 (maturity group 3.1) was used for 
the field experiment. Due to a subsequent lack of availability of seed of this cultivar, the 
glyphosate tolerant cultivar Pioneer 93Y40 (maturity group 2.9) was used in all field experiments 
in 2010. 
Inoculum preparation 
Rhizoctonia solani isolate RS1039 (AG2-2B-12) was used in this study. The isolate was 
maintained in -80° C storage and then cultured on full strength potato-dextrose agar (PDA) at 25 
to 28⁰ C prior to use.  
Cleaned, red sorghum seed was soaked in water for 24 hours, after which floating sorghum 
debris was removed. After draining the water, four liters of seeds were transferred into 
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translucent, pliable, 30 × 60 cm autoclave bags (Fisherbrand, Fisher Scientific). Most of the air 
was removed from bags, and the bags were sealed with foam-rubber stoppers secured with 
plastic cable ties. The bags of sorghum were autoclaved for one hour at 121⁰ C and cooled at 
room temperature for 24 hours. This step was then repeated the next day. Once the seed had 
cooled after the second autoclaving, one week old PDA cultures of R. solani were sliced into 
small pieces and transferred into the autoclaved bags of sorghum (one plate per bag). The bags 
were resealed with sterile foam plugs and a cable tie, and the contents of the bags were gently 
mixed. The bags were then placed in a well-lit area at 25 ± 2⁰ C for 3 weeks and mixed every 
two days to evenly distribute the fungus. 50 ml of the resulting inoculum were mixed with 500 
soybean seeds and placed in envelopes for planting.  
Seed treatment 
Soybean seeds were treated with either azoxystrobin, pyraclostrobin, trifloxystrobin at label 
recommended rates or left untreated as a control. The recommended rates of application were 
0.03g a.i./kg, 0.19g a.i./kg,0.02g a.i./kg (fungicide/seed) for azoxystrobin, pyraclostrobin, and 
trifloxystrobin respectively. 11 kg of soybean seeds were put into a large seed treater and mixed 
with 125 ml of a fungicide solution for 5 minutes. The seed treatment was done one week before 
planting. 
Field plots establishment 
A preliminary field study was conducted at the Cruse tract of the University of Illinois, 
Department Crop Sciences Research and Education Center in Champaign, IL in 2009. The soil in 
the plot area was an Elburn silt loam. The site used was cropped to maize the previous growing 
season. Field studies in 2010 were conducted at both Champaign and Monmouth, IL. At the 
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Champaign location (the Burwash tract of the Crop Sciences Research and Education Center), 
soil in the plot area was an Elburn silt loam, and the site used was cropped to maize the previous 
growing season. The field in Champaign was chisel plowed in the fall of 2009 and field 
cultivated in the spring of 2010 before planting. The pre-emergence herbicide sulfentrazone was 
applied at the rate of 0.28 kg a.i./ha on the day of planting. At the Monmouth location, the soil in 
the plot area was a Muscatine silt loam. The site used was also cropped to maize the previous 
growing season. The field in Monmouth was chisel plowed in fall of 2009 and field cultivated in 
the spring of 2010 before planting. The pre-emergence herbicide cloransulam-methyl was 
applied at the rate of 20.8 g a.i./ha two days after planting. The soybean cultivar Pioneer 93Y40 
was planted on 24 May 2010 and 25 May 2010 at the Champaign and Monmouth locations, 
respectively. At Champaign, plots were four rows wide on 0.76 m centers, 7.3 m long, and later 
trimmed to a length of 6.1m. At Monmouth, plots were 4 rows wide on 0.76 m centers, 6.1m 
long and later trimmed to a length of 5.0 m. In both locations the rows were planted at the rate of 
30 seeds/m. 
Herbicide treatments  
At the V4 growth stage, soybean plants were treated with one of three non-glyphosate post-
emergence herbicides or left untreated. The three herbicide treatments consisted of post-
emergence applied acifluorfen (Blazer, BASF Corp.) at 0.42kg a.i./ha plus 0.25% v/v nonionic 
surfactant (NIS), post-emergence applied imazethapyr (Pursuit, BASF Corp.) at 0.07 kg a.i./ha 
plus 0.25% v/v NIS and 2.5%v/v ammonium sulfate (AMS), or post-emergence applied lactofen 
(Cobra, Valent) at 0.21 kg a.i./ha plus 1% v/v crop oil concentrate (COC). All herbicides were 
applied using a CO2- pressurized hand-held sprayer at a volume of 150 liter/ha at a pressure of 
approximately 210 kPa. 
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In 2010 at the V6 growth stage, half of the plots were treated with glyphosate at a rate of 0.84 kg 
a.i./ha and the other half of the plots were left untreated. Any weeds that emerged after all 
herbicides were applied were manually removed in all plots. 
Sample collection and disease evaluation 
Observations of plant stand (number of plants per meter) were collected two weeks after 
emergence. Two weeks after the application of all post-plant herbicide treatments, ten random 
plants were dug, using a shovel, and collected from the outer two rows of each plot. In some 
plots which did not have enough plants in the outer two rows, some plants in the inner two rows 
were collected. Root rot severity was assessed by measuring the length of R. solani lesions after 
thoroughly washing the roots with running tap water. In 2010, plant shoots were separated from 
roots, dried for 3 days in a heated forced air dryer at 35° C, and weighed. The plant stem length 
was measured from the soil line to the uppermost node. 
Yield 
At the end of the season in 2009, the two inner rows of each plot were harvested, weighed, and 
analyzed for moisture content. Plots were harvested using a Heggie TF35 research combine on 
October 29 at Champaign. Soybean seed weight was corrected by standardizing to 12.0% 
moisture. At the end of the season in 2010, the two inner rows of each plot were harvested, 
weighed, and analyzed for moisture content. Plots were harvested using an Almaco SP20 
combine on October 15, at Champaign and were harvested using a Kincaid 8XP plot combine 
October 23 at Monmouth. Soybean seed weight was corrected by standardizing to 12.0% 
moisture at both Champaign and Monmouth. 
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Experimental design and data analysis 
The preliminary study in 2009 was set up as a 2×4×4 factorial where the factors were R. solani 
infestation, fungicide treatment, and post-emergence herbicide treatment. Plots were initially 
arranged using a randomized complete block design (RCBD). However, a plot labeling error 
resulted in the application of herbicides on the wrong set of plots. As a result, the data had to be 
analyzed is if it were arranged using a complete randomized design (CRD), and the full 
complement of replicates were missing for some herbicide/fungicide treatment combinations. 
Analysis of variance (ANOVA) was calculated using the general liner models procedure (PROC 
GLM) of SAS (SAS Institute, Inc., Cary, NC). A Fisher’s protected least significant difference 
analysis (LSD) at α>0.05 was used to compare treatment means. However, if there was a 
significant (P≤0.05) interaction among factors, then the least-square means were compared using 
the PDIFF option in SAS and were considered different when P≤0.05. 
The field study in 2010 was set up as a 2×2×4×4 factorial, where the factors were glyphosate 
application, R. solani infestation, fungicide seed treatment, and post-emergence herbicide 
treatment, respectively. Plots were arranged as completely randomized block design (RCBD) 
nested within a split plot at both locations; the main plot factor was the glyphosate treatment. 
Data from the two locations were analyzed separately. Analysis of variance (ANOVA) was 
calculated using the mixed liner models procedure (PROC MIXED) of SAS (SAS Institute, Inc., 
Cary, NC). A Fisher’s protected least significant difference analysis (LSD) at P>0.05 was used to 
compare treatment means. However, if there was a significant (p≤0.05) interaction among 
factors, then the least-square means were compared using the PDIFF option in SAS and were 
considered different when p≤0.05.  
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Results 
Plant stands 
In 2009, the R. solani infestation and fungicide treatment variables were found to have no effect 
on plant stand (data not shown). In 2010 at Champaign and Monmouth, both the R. solani 
infestation, fungicide treatment, and their interaction had an effect on plant stand (Table A.1and 
A.2.) At Champaign, plant stands were significantly reduced (P=0.05) in the plots infested with 
R. solani as compared to the stands in the plots which were not infested. The infested plots that 
were planted with fungicide treated seed all had higher plant stands as compared to the stands in 
the infested plots that were planted with non-treated seed (Table 2.1). There were no significant 
differences of plant stands among the three fungicide treatments and the control, in the plots that 
were not infested with R. solani.  
At Monmouth, plant stands in the plots infested with R. solani were also significantly (P=0.05) 
reduced as compared to the stands in plots that were not infested. The infested plots planted with 
any of the fungicide treated seed had higher plant stands as compared to the stands in the infested 
plots planted with non-treated seed (Table 2.2). Among the three fungicide seed-treatments, plant 
stands from seed treated with azoxystrobin and pyraclostrobin were significantly (P=0.05) higher 
than the plant stands of the seed treated with trifloxystrobin in the infested plots. 
Disease ratings and plant growth responses 
In 2009, no symptoms of Rhizoctonia rot were observed in the non-infested plots (data not 
shown). The effects of R. solani infestation, fungicide treatment, herbicide treatment, and the 
three-way interactions of these factors were all significant in an analysis of disease severity, 
measured as root lesion length (Table A.3). The lesions on plants in the plots receiving post 
21 
 
emergence applications of lactofen were significantly longer than were the lesions on the plants 
receiving the other herbicide treatments. The seed treatments with the fungicides azoxystrobin 
and pyraclostrobin resulted in significantly smaller lesion lengths than those observed on plants 
grown from non-treated seed. By contrast, the trifloxystrobin seed treatment had no effect on 
lesion length as compared to the length of lesions on plants grown from non-treated seed (Table 
2.3). 
In 2010, no symptoms of Rhizoctonia rot were observed in the non-infested plots (data not 
shown). Analysis of the data from 2010, at both Champaign and Monmouth, indicated that there 
was no significant effect of the glyphosate treatment on any of the dependent variables that were 
measured (Table A.4 through A.11); therefore, the data from the glyphosate treated and non-
treated plots were combined for further analysis of the effects of the fungicide and non-
glyphosate herbicide treatments. 
At Champaign, the effects of R. solani infestation, fungicide treatment, herbicide treatment, and 
the interaction terms for R. solani by fungicide, R. solani by herbicide, fungicide by herbicide 
and R. solani by fungicide by herbicide were significant with respect to lesion length (Appendix 
A.12). The plant dry weight, stem length, and yield were significantly affected by the main 
effects of R. solani infestation, fungicide treatment, and the R. solani by fungicide interaction 
(Table A.13 through A.15). 
At Monmouth, the effects of R. solani infestation, fungicide treatment, herbicide treatment, and 
interactions of R. solani by fungicide, R. solani by herbicide, fungicide by herbicide, and R. 
solani by fungicide by herbicide were significant with respect to lesion length (Table A.16). 
Plant dry weight, stem length and, yield were all significantly affected by R. solani infestation, 
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and fungicide seed treatment, and the R. solani by fungicide interaction was also statistically 
significant (Table A.17 through A.19).  
At both locations, lesion length was significantly higher on plants that received post-emergence 
treatments of the herbicides lactofen and acifluorfen. The lactofen treated plants had the longest 
lesions. Plants grown from seed treated with the fungicides azoxystrobin and pyraclostrobin had 
shorter lesions than those on plants grown from non-treated seed. However, seed treatment with 
trifloxystrobin did not result in lesion lengths that were significantly different from those on 
plants grown from non-treated seed (Table 2.4). 
At both locations, soybean plants infested with R. solani had significantly lower shoot dry 
weights and shorter stem lengths than the plants that were not infested with R. solani (Table A.5, 
A.6, A.9, A.10). At both locations, post-emergence applications of the herbicide lactofen resulted 
in significantly reduced shoot dry weights, as compared to the non-treated control and the other 
herbicide treatments. Fungicide treatments were not found to have a significant effect on shoot 
dry weight (Table 2.5). Plants grown from seed treated with each of the three fungicides had 
stem lengths that were significantly longer than the stems of plants grown from non-treated seed. 
None of the herbicide treatments had any effect on stem length at either location (Table 2.6). 
Yield 
At both locations, plants in the plots infested with R. solani had significantly lower yields than 
those in the plots that were not infested (Tables A.7, A.11). At Champaign in 2010, all three of 
the fungicide seed treatments resulted in significant yield increases as compared to the non-
treated control, and yields from plants treated with the fungicides azoxystrobin and 
pyraclostrobin were significantly higher than yields from plants treated with trifloxystrobin. In 
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general, there was no significant effect of post-emergence herbicide treatment on yield for plants 
grown from seed treated with one of the three fungicides. However, on the non-fungicide treated 
plants, the application of imazethapyr resulted in significantly higher yields when compared to 
the yields of plants treated with acifluorfen, lactofen, or plants in the herbicide control plots 
(Table 2.7). 
Yield responses at Monmouth in 2010 were similar to the responses observed in Champaign. All 
three fungicide treatments resulted in significantly higher yields, as compared to the non-treated 
control. Plants grown from seeds treated with the fungicide pyraclostrobin had yield values that 
were significantly higher than those of plants grown from seed treated with trifloxystrobin when 
evaluated by herbicide treatment. As was seen in Champaign, there was no effect of herbicide 
treatment on yield for plants treated with any of the three fungicides, but on plants not receiving 
any of the fungicide treatments, the yields of the plots treated with imazethapyr were 
significantly higher than the yields of the plots treated with acifluorfen, lactofen, or the non-
treated control plots (Table 2.7). 
Discussion 
The field studies at both Champaign and Monmouth in 2010 showed that there was no 
significant difference between glyphosate treated and non-glyphosate treated plots for any of the 
dependent variables measured. The lack of an effect of glyphosate on disease severity (measured 
as lesion length) is similar to results reported by Harikrishnan and Yang (2002). Although 
glyphosate was shown to block the production of phenolic compounds involved in disease 
resistance of host plants (Levesque, 1992), thus leading to increased disease susceptibility in 
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various crops, in our studies we did not find an effect of glyphosate on the severity of 
Rhizoctonia root rot of soybean.  
 
Our field studies also showed that post-emergence applications of the herbicides acifluorfen and 
lactofen resulted in increased disease severity of Rhizoctonia root rot, a result which had been 
reported by Bradley et al. (2002). However, the effect of imazethapyr applications on 
Rhizoctonia rot is inconsistent among different fungicide treatments. It is unclear how 
acifluorfen and lactofen affect the plant response to R. solani, but most likely it is indirect, 
resulting from a delay of plant growth. Since acifluorfen and lactofen are applied as post-
emergence herbicides, very small amounts of the herbicides would come into direct contact with 
the pathogen in the soil. Both of these products are contact herbicides. Thus, they lead to severe 
injury to plants immediately after application. It is possible that the stressed plants are 
predisposed to colonization, in a way similar to that reported by Canaday (1986) in a study in 
which herbicide-induced stress increased soybean root colonization by Macrophomina 
phaseolina. Our results of the effects of lactofen and acifluorfen on Rhizoctonia root rot is 
different from what was reported by Dann (1999) on Sclerotinia stem root. In their study, 
lactofen and acifluorfen application reduced Sclerotinia stem rot severity of soybean. This 
difference might be explained by the different infection sites of these two diseases. In the case of 
Sclerotinia stem rot, the injury caused by lactofen and acifluorfen applications lowered the 
humidity and increased the air movement within the soybean canopy. This change in canopy 
microclimate resulted in lower disease incidence and severity. 
Our studies also showed that the fungicides azoxystrobin and pyraclostrobin, applied as seed 
treatments, resulted in significant reductions in disease severity. This result is also similar to the 
results of previous studies which showed that azoxystrobin and pyraclostrobin were able to 
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inhibit R. solani on sugar beet (Windels, 2005) and rice (Lannoiselet, 2005). A previous report 
has shown that trifloxystrobin had no effect on the disease severity of Rhizoctonia rot on 
turfgrass (Gelernter, 2005), a result which is also supported in our study, as the trifloxystrobin 
treatment had no effect on lesion length in this study. 
We found that the combined fungicide/herbicide treatments, using either of the fungicides 
azoxystrobin or pyraclostrobin, and either of the herbicides acifluorfen or lactofen, resulted in 
disease severity levels similar to those observed on the non-fungicide and non-herbicide control 
plants. Thus, the protective effects of the fungicides were able to offset the increases in disease 
severity resulting from herbicide injury. 
We also measured the effects of the various treatments on plant growth characteristics, including 
shoot dry weight, stem length, and yield. Among all the treatments, the application of R. solani 
had the greatest impact. Plants grown in Rhizoctonia infested plots had significantly lower shoot 
dry weights, shorter stem lengths, and lower yields. These results were as expected since R. 
solani infection should have adverse effects on plant growth.  
 In the presence of R. solani, applications of the herbicide lactofen resulted in reduced shoot dry 
weights, but interestingly there was no significant effect on stem length or yield, whereas all 
three fungicide seed treatments resulted in increased stem length and yield values, as compared 
to the non-fungicide treated control. These observations can be explained by the fact that the 
stem length and dry weight were measured on individual plants, and these values would be 
affected not only by the treatments, but also by resulting stand densities, as a result of higher or 
lower competition with neighboring plants. Dry weights and stem lengths might be higher than 
they normally would be because of reduced competition in plots with lower plant stands. This 
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higher dry weight and stem length of plants in lower density plots may help compensate for the 
yield loss caused by reducing plant stands, so that could explain why we did not see yield 
differences resulting from the increased disease levels associated with herbicide treatments.  
The main objective of this study was to determine if seed treatment fungicides could off-set the 
increased susceptibility to Rhizoctonia root rot resulting from herbicide applications. The 
findings of our study showed that the fungicides azoxystrobin and pyraclostrobin, applied as seed 
treatments, can provide soybeans some protection against Rhizoctonia infections, which was 
demonstrated by increased plant stands and decreased plant lesion length as compared to a non-
fungicide treatment control. However, the decreased disease severity in herbicide treated plots 
resulting from fungicide seed treatment did not correspond to higher yield levels in our study. 
This might be explained by the following two reasons: 1) the Rhizoctonia inoculum rate was 
overwhelming in this study. Most of the differences observed were associated with the 
Rhizoctonia inoculation, so yield differences resulting from herbicide and fungicide treatments 
might be not be detected at this level. 2) In some plots in which there was a lack of plants needed 
for severity and plant growth measurements in the two outer rows, we took some plants from 
inner rows as well. This then affected the accuracy of our yield data. However, accuracy of the 
disease ratings took precedence over accuracy of the yield evaluations.  
Interestingly, we also found an increase in yield in the imazethapyr treated plots that were 
infested with R. solani, but there was no yield increase in the imazethapyr treated plots which 
were not infested with R. solani. To my knowledge, this interaction has never been reported. 
However, it is not clear why the applications of this herbicide would result in increased yields 
only in the presence of R. solani while not having an effect on disease severity.  
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Future experiments need to be conducted to determine whether fungicide treatments can also 
provide protection against herbicide induced susceptibility of other disease, such as sudden death 
syndrome, as Sanago (2000) also reported an increase in sudden death syndrome disease severity 
in soybean plants treated with the herbicide imazethapyr. Repeating the study under conditions 
of different levels of disease pressure from R. solani, might determine if the decreased disease 
severity levels resulting from fungicide treatment will result in higher yields when disease 
severity levels are not so high. 
 In summary, applications of the herbicides acifluorfen and lactofen can increase the severity of 
Rhizoctonia rot, and seed treatment with the fungicides azoxystrobin and pyraclostrobin can, to 
some extent, provide protection against the increase disease severity caused by herbicide injury. 
However, these fungicide treatments only partially decreased the severity level, and they did not 
completely offset the increased severity resulting from the application of certain herbicides. 
Based on these finding, it is recommended that farmers applying certain post-emergence 
herbicides consider the use of fungicide seed treatments to offset the increased susceptibility of 
soybean plants to infection by R. solani.  
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Tables 
Table 2.1. The effects of fungicide treatment and Rhizoctonia infestation on plant stand at 
Champaign in 2010. 
Fungicide Rhizoctonia Infestatione 
Plant Stands 
(plants/meter)f 
 
Control Yes 4dd  
Azoxystrobina Yes 11b  
Pyraclostrobinb Yes 10bc  
Trifloxystrobinc Yes 8c  
    
Control No 18a  
Azoxystrobina No 18a  
Pyraclostrobinb No 17a  
Trfiloxystrobinc No 18a  
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d  Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
e  50 ml of colonized sorghum inoculum was mixed and planted with 500 soybean seeds per 
plot. 
f 
 Plant stands were counted 3 weeks after planting. 
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Table 2.2. The effects of fungicide treatment and Rhizoctonia infestation on plant stand at 
Monmouth in 2010. 
Fungicide 
Rhizoctonia 
Infestatione 
Plant stands 
(plants/meter)  
Control Yes 12cd  
Azoxystrobina Yes 18ab  
Pyraclostrobinb Yes 20ab  
Trifloxystrobinc Yes 14bc  
    
Control No 21a  
Azoxystrobina No 22a  
Pyraclostrobinb No 22a  
Trfiloxystrobinc No 23a  
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c   Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d  Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
e  50 ml of colonized sorghum inoculum was mixed and planted with 500 soybean seeds per 
plot. 
f 
 Plant stands were counted 3 weeks after planting. 
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Table 2.3. The effect of fungicide treatment and herbicide application on Rhizoctonia lesion 
length in Rhizoctonia infested plots at Champaign in 2009. 
Fungicide Herbicide 
Plant disease lesion 
length (mm)  
Control Glyphosated 5.6ch  
Control Acifluorfene 6.4c  
Control Lactofenf 8.1a  
Control Imazethapyrg 5.7c  
    
Azoxystrobina Glyphosated 4.2d  
Azoxystrobina Acifluorfene 4.4d  
Azoxystrobina Lactofenf 6.9b  
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Imazethapyrg 
 
Glyphosated       
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
Glyphosated 
Acifluorfene 
Lactofenf 
Imazethapyrg 
4.4d 
 
4.3d 
4.5d 
7.3b 
4.3d 
 
5.5c 
5.4c 
7.7a 
5.3c 
 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
 
31 
 
Table 2.3. Continued 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d  Glyphosate was applied at a rate of 0.84kg a.e./ha at V6 growth stage. 
e  Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f  Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
g  Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h
  Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
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Table 2.4. The effects of fungicide treatment and herbicide application on Rhizoctonia lesion 
length in Rhizoctonia infested plots in 2010. 
Fungicide Herbicide 
Plant disease lesion 
length(mm) 
Champaign 
Plant disease lesion 
length(mm) Monmouth 
Control Controld 18.6deh 22.8ch 
Control Acifluorfene 22.6c 28.9b 
Control Lactofenf 31.6a 32.8a 
Control Imazethapyrg 18.2e 21.9c 
    
Azoxystrobina Controld 8.0h 11.2h 
Azoxystrobina Acifluorfene 13.0g 16.2fg 
Azoxystrobina 
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trfiloxystrobinc 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyr g 
18.8de 
12.4g      
 
13.5fg 
18.1e 
19.5de 
15.1f 
 
17.9e 
18.8de 
24.8b 
20.1d 
22.6c 
13.1gh 
 
17.0ef 
20.2cde 
23.2c 
17.8def 
 
21.1cd 
22.6c 
28.8b 
23.4c 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
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Table 2.4. Continued 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d  No-herbicide handweeded control. 
e  Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f  Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
g Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h
 Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
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Table 2.5. The effects of fungicide treatment and herbicide application on plant shoot dry weight 
in Rhizoctonia infested plots in 2010. 
Fungicide Herbicide 
Plant shoot dry     
Weight (g) 
Champaign 
Plant shoot dry 
Weight (g) 
Monmouth 
Control Controld 5.8ch 8.6bcdh 
Control Acifluorfene 5.5c 5.9ef 
Control Lactofenf 3.0d 3.4fg 
Control Imazethapyrg 5.7c 8.1cd 
    
Azoxystrobina Controld 6.5bc 8.7bcd 
Azoxystrobina Acifluorfene 5.8c 9.8abc 
Azoxystrobina 
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxyxtrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trfiloxystrobinc 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
3.4d 
6.4bc          
 
7.1ab 
6.2bc 
2.9d 
5.8c 
 
6.4bc 
5.7b 
3.1d 
5.8b 
3.5fg 
9.0abc 
 
9.2abc 
9.1abc 
3.4fg 
8.6bcd 
 
10.2abc 
8.5bcd 
3.6fg 
8.6bcd 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
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Table 2.5. Continued 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d  Glyphosate was applied at a rate of 0.84kg a.e./ha at V6 growth stage. 
e  Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f  Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
g Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
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Table 2.6. The effects of fungicide treatment and herbicide application on plant stem length in 
Rhizoctonia infested plots in 2010. 
Fungicide Herbicide 
Plant stem 
length 
(cm) Champaign 
Plant stem 
length 
(cm) Monmouth 
    
Control Controld 15.6efh 21.4cdeh 
Control Acifluorfene 16.7def 21.9cd 
Control Lactofenf 15.7ef 21.8cd 
Control Imazethapyrg 17.2cdef 24.4bc 
    
Azoxystrobina Controld 21.5bc 28.4a 
Azoxystrobina Acifluorfene 25.6ab 27.8a 
Azoxystrobina 
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trfiloxystrobinc 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
21.6bc 
21.5bc         
 
21.0bcd 
21.0bcd 
21.1bcd 
21.7bc 
 
21.1bcd 
21.0bcd 
21.2bcd 
20.4cde 
27.2ab 
28.4a 
 
28.4a 
27.6a 
28.0a 
28.6a 
 
28.0a 
27.4ab 
28.3a 
27.9a 
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Table 2.6. Continued 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d Glyphosate was applied at a rate of 0.84kg a.e./ha at V6 growth stage. 
e Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f  Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
g Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h
 Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS.  
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Table 2.7. The effects of fungicide treatment and herbicide application on yield in Rhizoctonia 
infested plots in 2010. 
Fungicide Herbicide 
Yield (kg/ha) 
Champaign     
Yield (kg/ha) 
Monmouth 
    
Control Controld 1183ghh 2170fh 
Control Acifluorfene 900h 1814f 
Control Lactofenf 806h 1814f 
Control Imazethapyrg 1679ef 2687e 
    
Azoxystrobina Controld 2929ab 3776ab 
Azoxystrobina Acifluorfene 2694ab 3950ab 
Azoxystrobina 
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trfiloxystrobinc 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
Controld 
Acifluorfene 
Lactofenf 
Imazethapyrg 
2922ab 
2922ab                
 
2633bc 
2835ab 
2371cd 
2620bc 
 
2136def 
2082def 
2183def 
2096def 
3339bc 
3897ab 
 
4387a 
4232a 
3997ab 
4058ab 
 
3594bc 
3480bc 
3178cd 
3211cd 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg (fungicide/seed) one 
week before planting. 
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Table 2.7. Continued 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg (fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg (fungicide/seed) 
one week before planting. 
d Glyphosate was applied at a rate of 0.84kg a.e./ha at V6 growth stage. 
e Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
g Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h
 Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
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CHAPTER 3: Greenhouse Studies of the Interactions of Post Emergence Herbicides, 
Strobilurin Fungicides and Rhizoctonia Root Rot of Soybean 
Abstract 
Rhizoctonia root rot, caused by Rhizoctonia solani is a very common disease of soybeans in the 
north-central United States. The emergence of glyphosate resistant weeds and the payment of 
premiums for growing non-GMO soybeans have increased the use of non-glyphosate herbicides. 
However, some of these herbicides may increase the severity of root rot caused by Rhizoctonia 
solani. Greenhouse studies were conducted to evaluate the potential interaction among 
glyphosate-tolerant soybeans, post emergence herbicides (glyphosate, acifluorfen, lactofen, 
imazethapyr), and fungicide seed treatments (azoxystrobin, pyraclostrobin, trifloxystrobin). The 
plants were inoculated with a mycelial suspension of R. solani at the V1 growth stage, four 
weeks after emergence. The herbicides (acifluorfen, lactofen, imazethapyr) were directly applied 
to plants using an automated spray chamber at growth stage V4, and glyphosate was applied 
using this automated chamber one week later. The plants were collected two weeks after 
glyphosate was applied to evaluate the root lesion length. Final plant stands were also quantified 
at that time. Consistent with the results from the field based studies, the application of 
acifluorfen and lactofen did increase the root lesion length compared to non-treated controls. In 
2009, plants treated with the fungicides azoxystrobin and pyraclostrobin showed reduced lesion 
length compared to the non-treated control, but the protective effect of these two fungicides was 
not as apparent in 2010. There also was no significant difference of root rot severity between 
glyphosate treated and non-treated plants. 
 
45 
 
Introduction 
The influence of herbicides on plant diseases has been studied on many different crops with 
several different pathogens. Several reviews have been written about these interactions 
throughout the last 30 years and have cited cases where herbicides have either increased or 
decreased plant diseases (Campbell, 1997; Katan, 1973; Curl, 1980; Yang, 2002; Bradley, 2002). 
According to Katan (1973), there are four mechanisms involved when there is an increase of a 
plant disease association with herbicide application. The herbicide may directly affect pathogen 
growth, change the virulence of the pathogen, have an effect on host resistance, or have an effect 
on relationships between pathogens and other organisms. 
As mentioned in the previous chapter, many studies have shown herbicide interactions with R. 
solani in soybean and other crops in which disease was increased (Wrona, 1981; Pinckard, 1966; 
Heydari, 1998; Neubauer, 1973; Rovira, 1986; Smiley, 1992; Summer, 1983; Yang, 2002; 
Bradley, 2002). In particular, there have been many reports showing the effect of herbicide 
application on plant disease severity under greenhouse conditions. Bowman and Sinclair (1989) 
found that soybean seedling growth was significantly reduced in R. solani infested soil treated 
with the herbicides alachlor, chloramben, dinoseb, fluchloralin, or naptalam in the greenhouse., 
Yang (2002) reported that, depending on the year and cultivar, Rhizoctonia severity increased on 
soybean plants treated with pendimethalin, which is consistent with the results from their field 
study, but they did not see the increased disease severity in imazethapyr treated plants, which is 
different from what they reported from their field experiment. Bradley (2002) found the soybean 
plants treated with acifluorfen and imazethapyr had increased Rhizoctonia severity compared to 
non-herbicide treated controls, but in the field, the effect of acifluorfen was inconsistent, and it 
did not have an effect on disease severity in most soybean cultivars in a two year study. 
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The strobilurin fungicide family is one of the most important and well-known families of QoI 
fungicides. Strobilurins have been used to control disease on various plants, including grain 
crops, vegetables, fruits and turf grass. Previous studies showed that azoxystrobin and 
pyraclostrobin (both strobilurin fungicides) were able to inhibit R. solani on sugar beet (Windels, 
2005) and rice (Lannoiselet, 2005). Three strobilurin fungicides (azoxystrobin, pryaclostrobin, 
and trifloxystrobin) are currently registered for use as seed treatments on soybeans.  
The emergence of glyphosate resistant weeds and the payment premiums for growing GMO 
soybeans has increased the use of non-glyphosate herbicides (Dill, 2008). Previous reports have 
shown that some of the non-glyphosate herbicides can increase Rhizoctonia disease severity on 
soybeans, so soybean growers want to know whether fungicide seed treatment can protect 
soybeans against herbicide induced severity to Rhizoctonia rot, which can lead to significant 
yield loss. 
The objectives of this research were to :1) evaluate the effects of post-emergence applications of 
the herbicides lactofen, imazethapyr, and acifluorfen on Rhizoctonia damping-off and root rot 
severity under greenhouse conditions; 2) determine the effectiveness of seed treatments with 
strobilurin fungicides for reversing the herbicide induced susceptibility of soybeans to 
Rhizoctonia damping-off and root rot under greenhouse conditions; 3) verify the results of the 
effects of fungicide treatment and herbicide application on Rhizoctonia disease severity from 
field experiments. 
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Materials and Methods 
Soybean cultivars  
In 2009, the glyphosate tolerant soybean cultivar Asgrow 3101 (maturity group 3.1) was used for 
a greenhouse based experiment. Due to the subsequent lack of available seeds, the soybean 
cultivar Pioneer 93Y40 (maturity group 2.9) was used for a repeat of the greenhouse experiment 
in 2010. 
Seed treatment 
Prior to planting, soybean seeds were treated with either azoxystrobin, pyraclostrobin, or 
trifloxystrobin at label recommended rates or left untreated as a control. The recommended rates 
were 0.03 g a.i./kg, 0.19 g a.i./kg, and 0.02 g a.i./kg for azoxystrobin, pyraclostrobin, and 
trifloxystrobin respectively. To apply the fungicide to the seed, 11 kg of seed were put into a 
LP800 seedtreater (USC, Kansas, MO), and mixed for 5 minutes with the fungicide diluted in 
125 ml of water.  
Planting  
Five soybean seeds were planted into 1000 cm3 polypropylene pots containing a 2:1 sand:soil 
mixture. Pots were placed on a greenhouse bench and exposed to a 16 hour photoperiod. The 
photosynthetically active radiation (PAR) was measured to be 434µE/(m2s). The air temperature 
was 26±3⁰C. Pots were watered to saturation after planting and twice daily thereafter. After 
emergence, plants were thinned to one plant per plot. 
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Inoculum preparation 
Rhizoctonia solani isolate RS1039 (AG2-2B-12) was used in this study. This isolate was 
maintained in -80°C storage in 15% glycerol prior to being transferred to full strength potato 
dextrose agar (PDA). 
The isolate was grown on PDA at 25⁰C with a 12 hour light/dark cycle. After 2 days, 5-mm-
diameter plugs were taken from the colony edges and placed in 250 ml flask containing potato 
dextrose broth (PDB) and incubated at 25⁰C with 12 hour light/dark cycles. After 5 days of 
growth, the mycelium was macerated in 1 liter distilled water for 1 min using a blender (Warning 
Products Corporation, New York, NY). The resulting mycelial suspension contained 
approximately 1.7×104 colony forming units (CFUs) per ml. Soybean seedlings were inoculated 
with 2 ml of the mycelial suspension, using a syringe, at the V1 growth stage. Holes 
approximately 0.5 cm in diameter and 2 cm deep were made in the soil around the hypocotyls so 
that the inoculum could be placed in contact with the hypocotyls and roots. 
Herbicide treatment 
When they reached the V4 growth stage, plants were treated with one of three non-glyphosate 
post-emergence herbicides or left untreated. The three herbicide treatments were acifluorfen 
(Blazer, BASF Corp.) at 0.42 kg a.i./ha plus 0.25% v/v nonionic surfactant (NIS); imazethapyr 
(Pursuit, BASF Corp.) at 0.07 kg a.i./ha plus 0.25% v/v NIS plus 2.5% v/v ammonium sulfate 
(AMS); and lactofen (Cobra, Valent Corp) at 0.21 kg a.i./ha plus 1% v/v crop oil concentrate 
(COC). Herbicides were applied directly to the plants using a model 1050 automated spray 
chamber (Spraying Systems Co.). 
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One week after the initial herbicide treatments, half of the plants were treated with glyphosate at 
a rate of 0.84 kg a.e./ha and the other half of the plants were left untreated. The glyphosate was 
also applied directly to plants using model 1050 automated spray chamber (Spraying Systems 
Co.). 
Plant disease ratings 
Plants were removed from their pots two weeks after all herbicide treatments, and the soil mix 
was removed from the roots using running tap water. The R. solani lesion length was measured. 
Plant stand was determined by counting the number of living plants at the end of experiments. 
The differences in plant stands among various treatments were assumed to be due to damping-off 
caused by R. solani. 
Experiment design and data analysis 
Pots were arranged in a completely randomized design (CRD) with five replications. The 
experiments were conducted twice in each of the two years. The general linear models procedure 
(PROG GLM) in SAS (SAS Institute, Inc., Cary, NC) was used to analyze the data. If there was 
a significant (P=0.05) interaction, then a least square means analysis was done using the PDIFF 
option in SAS where P=0.05. 
Results 
In 2009, there was not a significant (p≤0.05) trial by treatment interaction, so data from both 
trials were pooled and analyzed together (Table B.1, B.2). There were significant (p≤0.05) R. 
solani inoculation by fungicide treatment and R. solani inoculation by herbicide treatment 
interactions for disease lesion length (Table B.5). There also was a significant (p≤0.05) R. solani 
inoculation by fungicide treatment interaction for final plant stand (Table B.6).  
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Plants treated with the fungicides azoxystrobin and pyraclostrobin had significantly lower 
disease lesion lengths than did the plants that received no-fungicide treatment (Table 3.1). 
However, plants treated with trifloxystrobin had lesions that were not significantly different from 
the non-fungicide treated plants. The herbicide treatments acifluorfen and lactofen were 
associated with increased lesion length as compared to the non-herbicide treated control plants 
across all fungicide treatments. However, treatment with imazethapyr had no effect on lesion 
length when compared to the non-herbicide treated control plants. 
Final plant stands from seed treated with the fungicides azoxystrobin and pyraclostrobin were 
significantly higher than the stands from seed that received no fungicide treatment (Table 3.2). 
However, seed that was treated with trifloxystrobin resulted in final plant stands that were not 
significantly different than those from seed that received no fungicide treatment. Applications of 
the herbicides acifluorfen, lactofen, and imazethapyr all decreased the final plant stands as 
compared to the non-herbicide treated plants. However, the glyphosate treatment had no effect 
on final plant stands.  
In 2010, there was not a significant (p≤0.05) trial by treatment interaction, so the data from both 
trials were pooled and analyzed together (Table B.3~B.4). 
Analysis of the greenhouse data indicated no significant (p≤0.05) differences between glyphosate 
treated and non-glyphosate treated plants for all the variables measured (Table B.7~B.8). 
Therefore, the data from the glyphosate treated and no-glyphosate treated plants were combined 
for further analysis. There was a significant (p≤0.05) R. solani inoculation by herbicide treatment 
interaction for disease lesion length (Table B.9). There were significant (p≤0.05) R. solani 
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inoculation by fungicide and herbicide treatment interactions for final plant stands (Appendix 
B.10). 
In 2010, none of the three fungicide treatments had any effect on lesion length. Treatment with 
the herbicide lactofen resulted in increased lesion length as compared to the non-herbicide 
treatment across all fungicide treatments. Treatments with the herbicides acifluorfen and 
imazethapyr had no effect on lesion length (Table 3.3). 
Seed treatment with the fungicides azoxystrobin and pyraclostrobin did result in increased plant 
stands when compared to the non-fungicide control. However, the trifloxystrobin treatment had 
no effect on final plant stands. Treatments of the herbicides acifluorfen and lactofen were 
associated with decreased final plant stands for those plants treated with azoxystrobin, 
trifloxystrobin, and the non-fungicide treated control. However, for those plants grown from seed 
treated with the fungicide pyraclostrobin, all three herbicide had no effect on final plant stands 
(Table 3.4). 
In 2010, the fungicides were not able to reduce the severity of symptoms to compensate for the 
increased disease severity resulting from herbicide application (Table 3.3). The azoxystrobin 
treatment was able to protect plants stands to a level that was equal to the non-fungicide and non-
herbicide treated control. However, the other two fungicides did not have this effect. 
Discussion 
The results from the preliminary study in 2009 suggested that the fungicides azoxystrobin and 
pyraclostrobin might have protective effects against R. solani, while post emergence applications 
of the herbicides acifluorfen and lactofen can increase the severity of Rhizoctonia rot symptoms. 
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These results agreed with the results from the field trials conducted in 2009 and 2010. The 
greenhouse study in 2010 showed that glyphosate treatment had no effect on lesion length or 
plant stand, which also confirms the results from the field studies conducted in 2010. Although 
there are some reports showing that glyphosate applications could result in an increase in disease 
severity, the results from both the field and green house aspects of the present study did not show 
any effect of glyphosate on disease development. This discrepancy might be explained by the 
different rate or timing of glyphosate application. My greenhouse data also showed the herbicide 
imazethapyr had no effect on disease severity, measured both as lesion length and plant stand. 
This result agrees with what has been previously reported by Harikrishnan and Yang (2002), but 
differed from the results of the study by Bradley et al. (2002), which reported an increase of 
disease severity on imazethapyr treated plants. This difference might be due to the different 
soybean cultivars used, as they might have different tolerance levels to the imazethapyr 
treatments. 
The findings of the present study in 2009 showed that the fungicides azoxystrobin and 
pyraclostrobin can provide soybeans partial protection against the effects of Rhizoctonia 
infections, which was demonstrated by increased plant stands and decreased stem lesion length 
compared to non-fungicide treated control. However, this was not observed in the 2010 trials, the 
lack of protection in might be explained by fact that the soybean cultivar we used in 2010 was 
different than what we used in 2009. The cultivar it might have a different level of susceptibility 
to R. solani and a different response to fungicide treatment. However, fungicide treatments were 
able to protect plants of this cultivar in field trials in 2010, so this explanation may be unlikely. 
Also, the inoculum used in 2010 was generated from a freshly retrieved culture of R. solani, but 
the inoculum used in 2009 was from stock in the incubator. Although we did not see the 
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fungicide protective effect based on lesion length data, we can did find the fungicide protective 
effect from plant stand data in 2010. The plants treated with fungicide azoxystrobin and 
pyraclostrobin had significantly higher final plant stands than the plants not receiving fungicide 
treatments. 
In this study, I found significant Rhizoctonia by fungicide, Rhizoctonia by herbicide, and 
Rhizoctonia by fungicide by herbicide interactions in the analysis of variance. The biological 
explanation for the significant fungicide by Rhizoctonia interaction is that the effect of the 
fungicide treatment on lesion size and plant stands is dependent on the Rhizoctonia inoculation. 
In the absence of the pathogen no disease would occur, and the fungicide treatment would have 
no effect on lesion size or plant stands. Similarly, the biological meanings of the herbicide by 
Rhizoctonia interaction is that the effect of the herbicide application on disease dependent on the 
Rhizoctonia inoculation. In the absence of the pathogen the herbicide application would have no 
effect on lesion size or plant stands. This would also explain the significant three-way 
interaction. 
 In general, the results of the greenhouse experiments were similar to those of the field 
experiments in that applications of the herbicides acifluorfen and lactofen increased Rhizoctonia 
disease severity, and seed treatments using the fungicides azoxystrobin and pyraclostrobin, to 
some extent, did provide protection against this increase disease severity caused by herbicide 
injury. However, these fungicide treatments can only partially decreased the disease level, not 
totally offset the increased disease severity caused by herbicide injury. There are other instances 
in which the effects of herbicides on Rhizoctonia disease severity in greenhouse studies were not 
consistent with the results that came from field experiments. Depending on the year and cultivar, 
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Yang (2002) reported Rhizoctonia disease severity increased in the soybean plants treated with 
pendimethalin, which is consistent with the results from their field study, but they did not see the 
increased disease severity in imazethapyr treated plants, which is different from what they 
reported from their field experiment. Bradley et al. (2002) found the soybean plants treated by 
acifluorfen and imazethapyr had increased Rhizoctonia disease severity compared to non-
herbicide treated control, but in the field, the effect of acifluorfen is inconsistent, it did not have 
effect on disease severity in most soybean cultivars in two years experiments. The difference 
effect of herbicide application on Rhizoctonia disease may be due to the different soil condition 
for the fungus growth and different inoculation methods used in field and greenhouse condition. 
This inconsistency could also be explained by the method of herbicide application, in the 
greenhouse experiment, the herbicide was applied using an automated sprayer chamber which 
does not have drift problems that might be occur under field conditions. Based on the findings 
from our study, we recommend that farmers who choose to apply post-emergence herbicides that 
may temporarily injure plants and slow plant growth consider the use of seed treatment with 
fungicides such as azoxystrobin and pyraclostrobin. Such fungicide seed treatments would help 
offset the increased susceptibility of soybean plants to infection by R. solani resulting from 
herbicide injury. 
Future experiments need to be conducted to see whether these fungicide treatments can also 
provide protective effect for soybeans against herbicide induced susceptibility of other disease, 
such as sudden death syndrome. There are some differential disease responses to the application 
of the different herbicides on both glyphosate tolerant and glyphosate-sensitive soybean cultivars 
in these greenhouse studies. Future studies need to be conducted to find out the effect of 
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herbicide and fungicide on Rhizoctonia damping off and root rot on glyphosate-sensitive 
soybeans.  
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Tables 
Table 3.1. The effects of fungicide treatment and herbicide application on lesion length on R. 
solani inoculated plants under greenhouse condition in 2009. 
Fungicide Herbicide Lesion Length (mm)  
Control 
Control 
Control 
Glyphosated 
3.2dh 
3.2d 
 
Control Acifluorfene 5.7a  
Control Lactofenf 6.0a  
Control Imazethapyrg 3.3d  
    
Azoxystrobina Control  2.0e  
Azoxystrobina Glyphosated 2.2e  
Azoxystrobina Acifluorfene 4.2c  
Azoxystrobina Lactofenf 4.5b  
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Imazethapyrg 
 
Control 
Glyphosated            
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
Control 
Glyphosated 
2.4de 
 
2.2e 
2.1e 
4.3c 
4.5bc 
2.2e 
 
3.2d 
3.1d 
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Table 3.1. Continued 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
 
Acifluorfene 
Lactofenf 
Imazethapyrg 
 
4.7b 
5.3a 
3.3d 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg(fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg(fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg(fungicide/seed) one 
week before planting. 
d  Glyphosate was applied at a rate of 0.84 kg a.e./ha at V4 growth stage. 
e  Acifluorfen was applied at a rate of 0.42 kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f  Lactofen was applied at a rate of 0.21 kg a.i./ha+1% v/v COC at V4 growth stage. 
g  Imazethapyr was applied at a rate of 0.07 kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h
 Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS.  
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Table 3.2. The effects of fungicide treatment and herbicide application on final plant stands of R. 
solani inoculated plants under greenhouse condition in 2009. 
Fungicide Herbicide Final Plant Stands  
Control 
Control 
Control 
Glyphosated 
8.0ch 
8.0c 
 
Control Acifluorfene 7.0d  
Control Lactofenf 6.0de  
Control Imazethapyrg 7.0d  
    
Azoxystrobina Control 10.0a  
Azoxystrobina Glyphosated 10.0a  
Azoxystrobina Acifluorfene 9.0b  
Azoxystrobina Lactofenf 8.0c  
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Imazethapyrg 
 
Control 
glyphosate d           
acifluorfene 
lactofenf 
imazethapyrg 
 
Control 
Glyphosated 
Acifluorfene 
9.0b 
 
10.0a 
10.0a 
9.0b 
9.0b 
9.0b 
 
8.0c 
8.0c 
9.0b 
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Table 3.2. Continued 
Trifloxystrobinc 
Trifloxystrobinc 
 
Lactofenf 
Imazethapyrg 
 
8.0c 
8.0c 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg(fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg(fungicide/seed) one 
week before planting. 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg(fungicide/seed) one 
week before planting. 
d Glyphosate was applied at a rate of 0.84 kg a.e./ha at V4 growth stage. 
e  Acifluorfen was applied at a rate of 0.42 kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
f  Lactofen was applied at a rate of 0.21 kg a.i./ha+1% v/v COC at V4 growth stage. 
g  Imazethapyr was applied at a rate of 0.07 kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
h
 Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS.  
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Table 3.3. The effects of fungicide treatment and herbicide application on lesion length of R. 
solani inoculated plants under greenhouse condition in 2010. 
Fungicide Herbicide Lesion Length (mm)   
Control Control 3.9cg  
Control Acifluorfend 3.9c  
Control Lactofene 6.4ab  
Control Imazethapyrf 4.0c  
    
Azoxystrobina Control 4.1c  
Azoxystrobina Acifluorfend 3.8c  
Azoxystrobina 
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trfiloxystrobinc 
Lactofene 
Imazethapyrf 
 
Control 
Acifluorfend 
Lactofene 
Imazethapyrf 
 
Control 
Acifluorfend 
Lactofene 
Imazethapyrf 
5.7b 
3.9c                 
 
4.0c 
3.9c 
6.7a 
4.1c 
 
3.8c 
4.1c 
6.7a 
3.7c 
 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg(fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg(fungicide/seed) one 
week before planting. 
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Table 3.3. Continued 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg(fungicide/seed) one 
week before planting. 
d  Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
e  Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
f  Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
g
 Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
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Table 3.4. The effects of fungicide treatment and herbicide application on final plant stands of R. 
solani inoculated plants under greenhouse condition in 2010. 
Fungicide Herbicide Final Plant stands   
Control Control 17.0cdg  
Control Acifluorfend 13.0e  
Control Lactofene 12.0e  
Control Imazethapyrf 18.0c  
    
Azoxystrobina Control 19.0ab  
Azoxystrobina Acifluorfend 16.0d  
Azoxystrobina 
Azoxystrobina 
 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
Pyraclostrobinb 
 
Trifloxystrobinc 
Trifloxystrobinc 
Trifloxystrobinc 
Trfiloxystrobinc 
Lactofene 
Imazethapyrf 
 
Control 
Acifluorfend 
Lactofene 
Imazethapyrf 
 
Control 
Acifluorfend 
Lactofene 
Imazethapyrf 
16.0d 
17.0c                 
 
18.0bc 
18.0bc 
18.0bc 
17.0cd 
 
18.0bc 
13.0e 
12.0e 
17.0cd 
 
a 
 Soybean seeds were treated with azoxystrobin at the rate of 0.03g a.i./kg(fungicide/seed) one 
week before planting. 
b 
 Soybean seeds were treated with pyraclostrobin the rate of 0.19g a.i./kg(fungicide/seed) one 
week before planting. 
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Table 3.4. Continued 
c  Soybean seeds were treated with trifloxystrobin at the rate of 0.02g a.i./kg(fungicide/seed) one 
week before planting. 
d Acifluorfen was applied at a rate of 0.42kg a.i./ha+0.25% v/v NIS at V4 growth stage. 
e  Lactofen was applied at a rate of 0.21kg a.i./ha+1% v/v COC at V4 growth stage. 
f Imazethapyr was applied at a rate of 0.07kg a.i./ha+0.25% v/v NIS+2.5% v/v AMS at V4 
growth stage. 
g
  Means followed by the same letter are not significantly different at P=0.05 using PDIFF to 
separate least square means in SAS. 
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Appendix A: Supplemental Materials for Chapter 2 
Table A.1. Analysis of variance showing the effects of Rhizoctonia infestation and fungicide 
seed treatment on plant stands at Champaign in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 881.54 <0.0001 
Fungicide seed treatment 3 19.29 <0.0001 
Rhizoctonia*Fungicide 3 21.78 <0.0001 
 
 
Table A.2. Analysis of variance showing the effects of Rhizoctonia infestation and fungicide 
seed treatment on plant stands at Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 33.96 <0.0001 
Fungicide seed treatment 3 3.96 0.0125 
Rhizoctonia*Fungicide 3 2.87 0.0371 
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Table A.3. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide seed 
treatment, and herbicide application on root lesion length at Champaign in 2009. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 21922.2 <0.0001 
Fungicide seed treatment 3 66.02 <0.0001 
Rhizoctonia*Fungicide 3 66.02 <0.0001 
Herbicide application 3 310.87 <0.0001 
Rhizoctonia*Herbicide 3 310.87 <0.0001 
Fungicide*Herbicide 9 0.82 0.6028 
Rhizoctonia*Fungicide*Herbicide 9 0.82 0.6028 
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Table A.4. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on root lesion length at 
Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 1.45 0.2301 
Rhizoctonia infestation 1 9361.2 <0.0001 
Glyphosate*Rhizoctonia 1 1.45 0.2301 
Fungicide treatment 1 116.08 <0.0001 
Glyphosate*Fungicide 3 0.48 0.6969 
Rhizoctonia*Fungicide 3 116.08 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 0.48 0.6969 
Herbicide application 3 79.49 <0.0001 
Glyphosate*Herbicide 3 1.98 0.1187 
Rhizoctonia*Herbicide 3 79.49 <0.0001 
Glyphosate*Rhizoctonia*Herbicide 3 1.98 0.1187 
Fungicide*Herbicide 9 3.42 0.0006 
Glyphosate*Fungicide*Herbicide 9 0.95 0.4807 
Rhizoctonia*Fungicide*Herbicide 9 3.42 0.0006 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.95 0.4807 
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Table A.5. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on plant dry weight at Monmouth 
in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application   1 2.37 0.1379 
Rhizoctonia infestation 1 1282.65 <0.0001 
Glyphosate*Rhizoctonia 1 1.58 0.1956 
Fungicide seed treatment 1 4.09 0.0076 
Glyphosate*Fungicide 3 0.27 0.8439 
Rhizoctonia*Fungicide 3 5.02 0.0023 
Glyphosate*Rhizoctonia*Fungicide   3 0.23 0.8739 
Herbicide application 3 171.79 <0.0001 
Glyphosate*Herbicide 3 0.23 0.8776 
Rhizoctonia*Herbicide 3 3.31 0.0213 
Glyphosate*Rhizoctonia*Herbicide 3 1.28 0.2832 
Fungicide*Herbicide 9 1.26 0.2601 
Glyphosate*Fungicide*Herbicide 9 0.69 0.7138 
Rhizoctonia*Fungicide*Herbicide 9 2.63 0.0018 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.34 0.96 
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Table A.6. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on plant stem length at 
Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application    1 1.86 0.1743 
Rhizoctonia infestation 1 1576.18 <0.0001 
Glyphosate*Rhizoctonia 1 0.01 0.9063 
Fungicide seed treatment 1 41.32 <0.0001 
Glyphosate*Fungicide 3 0.34 0.799 
Rhizoctonia*Fungicide 3 53.03 <0.0001 
Glyphosate*Rhizoctonia*Fungicide    3 0.09 0.9652 
Herbicide application 3 1.18 0.318 
Glyphosate*Herbicide 3 0.37 0.7771 
Rhizoctonia*Herbicide 3 2.85 0.0388 
Glyphosate*Rhizoctonia*Herbicide 3 0.05 0.9838 
Fungicide*Herbicide 9 1.21 0.2931 
Glyphosate*Fungicide*Herbicide 9 0.78 0.6385 
Rhizoctonia*Fungicide*Herbicide 9 1.06 0.3981 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.86 0.5633 
 
  
72 
 
Table A.7. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on yield at Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 1.12 0.2913 
Rhizoctonia infestation 1 428.74 <0.0001 
Glyphosate*Rhizoctonia 1 1.73 0.1905 
Fungicide seed treatment 1 57.13 <0.0001 
Glyphosate*Fungicide 3 0.65 0.585 
Rhizoctonia*Fungicide 3 56.73 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 0.18 0.912 
Herbicide application 3 7.08 0.0002 
Glyphosate*Herbicide 3 1.01 0.3891 
Rhizoctonia*Herbicide 3 0.25 0.8603 
Glyphosate*Rhizoctonia*Herbicide 3 0.05 0.9841 
Fungicide*Herbicide 9 0.92 0.5101 
Glyphosate*Fungicide*Herbicide 9 0.33 0.9626 
Rhizoctonia*Fungicide*Herbicide 9 1.52 0.1432 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.96 0.4785 
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Table A.8. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on root lesion length at 
Champaign in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 2.59 0.1091 
Rhizoctonia infestation 1 25247.6 <0.0001 
Glyphosate*Rhizoctonia 1 3.23 0.1034 
Fungicide seed treatment 1 357.4 <0.0001 
Glyphosate*Fungicide 3 2.05 0.1081 
Rhizoctonia*Fungicide 3 346.45 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 1.55 0.2018 
Herbicide application 3 298.97 <0.0001 
Glyphosate*Herbicide 3 1.16 0.3267 
Rhizoctonia*Herbicide 3 293.49 <0.0001 
Glyphosate*Rhizoctonia*Herbicide 3 1.63 0.184 
Fungicide*Herbicide 9 21.65 <0.0001 
Glyphosate*Fungicide*Herbicide 9 0.56 0.8318 
Rhizoctonia*Fungicide*Herbicide 9 19.64 <0.0001 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.36 0.9579 
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Table A.9. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on plant dry weight at 
Champaign in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 4.36 0.1382 
Rhizoctonia infestation 1 896.63 <0.0001 
Glyphosate*Rhizoctonia 1 0.43 0.4951 
Fungicide seed treatment 1 2.19 0.0911 
Glyphosate*Fungicide 3 0.26 0.8563 
Rhizoctonia*Fungicide 3 4.36 0.0053 
Glyphosate*Rhizoctonia*Fungicide 3 0.72 0.5429 
Herbicide application 3 161.91 <0.0001 
Glyphosate*Herbicide 3 0.64 0.5916 
Rhizoctonia*Herbicide 3 21.26 <0.0001 
Glyphosate*Rhizoctonia*Herbicide 3 1.12 0.3429 
Fungicide*Herbicide 9 0.84 0.5812 
Glyphosate*Fungicide*Herbicide 9 1.42 0.1807 
Rhizoctonia*Fungicide*Herbicide 9 1.23 0.2799 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.69 0.715 
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Table A.10. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on plant stem length at 
Champaign in2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 0.94 0.336 
Rhizoctonia infestation 1 745.16 <0.0001 
Glyphosate*Rhizoctonia 1 0.11 0.7396 
Fungicide seed treatment 1 21.76 <0.0001 
Glyphosate*Fungicide 3 0.56 0.6409 
Rhizoctonia*Fungicide 3 16.6 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 0.71 0.547 
Herbicide application 3 0.63 0.5991 
Glyphosate*Herbicide 3 1.88 0.1342 
Rhizoctonia*Herbicide 3 1.13 0.3398 
Glyphosate*Rhizoctonia*Herbicide 3 0.41 0.7436 
Fungicide*Herbicide 9 1.03 0.4207 
Glyphosate*Fungicide*Herbicide 9 6.65 0.7529 
Rhizoctonia*Fungicide*Herbicide 9 0.79 0.6272 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.64 0.7623 
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Table A.11. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
infestation, fungicide seed treatment, and herbicide application on yield at Champaign in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 0.08 0.7827 
Rhizoctonia infestation 1 435.07 <0.0001 
Glyphosate*Rhizoctonia 1 0.68 0.4091 
Fungicide seed treatment 1 20.2 <0.0001 
Glyphosate*Fungicide 3 0.13 0.941 
Rhizoctonia*Fungicide 3 17.33 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 0.16 0.9221 
Herbicide application 3 5.41 0.0014 
Glyphosate*Herbicide 3 1.38 0.2512 
Rhizoctonia*Herbicide 3 0.12 0.9483 
Glyphosate*Rhizoctonia*Herbicide 3 1.46 0.2267 
Fungicide*Herbicide 9 0.54 0.8439 
Glyphosate*Fungicide*Herbicide 9 0.72 0.6883 
Rhizoctonia*Fungicide*Herbicide 9 0.8 0.6137 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.61 0.7844 
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Table A.12. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide seed 
treatment, and herbicide application on root lesion length Champaign in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 24776.4 <0.0001 
Fungicide seed treatment 3 350.73 <0.0001 
Rhizoctonia*Fungicide 3 339.98 <0.0001 
Herbicide application 3 293.39 <0.0001 
Rhizoctonia*Herbicide 3 288.01 <0.0001 
Fungicide*Herbicide 9 21.25 <0.0001 
Rhizoctonia*Fungicide*Herbicide 9 19.27 <0.0001 
 
 
 
Table A.13. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment, and herbicide application on plant dry weight at Champaign in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 896.43 <0.0001 
Fungicide seed treatment 3 4.18 0.0107 
Rhizoctonia*Fungicide 3 4.36 0.0052 
Herbicide application 3 161.87 <0.0001 
Rhizoctonia*Herbicide 3 21.26 <0.0001 
Fungicide*Herbicide 9 0.84 0.5812 
Rhizoctonia*Fungicide*Herbicide 9 1.23 0.278 
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Table A.14. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment, and herbicide application on plant stem length at Champaign in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 775.06 <0.0001 
Fungicide seed treatment 3 22.64 <0.0001 
Rhizoctonia*Fungicide 3 17.27 <0.0001 
Herbicide application 3 0.65 0.5831 
Rhizoctonia*Herbicide 3 1.17 0.3216 
Fungicide*Herbicide 9 1.07 0.3882 
Rhizoctonia*Fungicide*Herbicide 9 0.82 0.5986 
 
 
Table A.15. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment, and herbicide application on yield at Champaign in 2010. 
Source of Variation  DF F value Pr>F 
Rhizoctonia infestation 1 455.03 <0.0001 
Fungicide seed treatment 3 21.12 <0.0001 
Rhizoctonia*Fungicide 3 18.13 <0.0001 
Herbicide application 3 5.65 0.0009 
Rhizoctonia*Herbicide 3 0.13 0.945 
Fungicide*Herbicide 9 0.57 0.8249 
Rhizoctonia*Fungicide*Herbicide 9 0.84 0.5798 
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Table A.16. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment, and herbicide application on root lesion length at Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 9246 <0.0001 
Fungicide seed treatment 3 114.65 <0.0001 
Rhizoctonia*Fungicide 3 114.65 <0.0001 
Herbicide application 3 78.51 <0.0001 
Rhizoctonia*Herbicide 3 78.51 <0.0001 
Fungicide*Herbicide 9 3.38 0.0007 
Rhizoctonia*Fungicide*Herbicide 9 3.38 0.0007 
 
 
Table A.17. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment, and herbicide application on plant dry weight at Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 1310.12 <0.0001 
Fungicide seed treatment 3 4.18 0.0066 
Rhizoctonia*Fungicide 3 5.13 0.0019 
Herbicide application 3 175.46 <0.0001 
Rhizoctonia*Herbicide 3 3.38 0.0191 
Fungicide*Herbicide 9 1.29 0.244 
Rhizoctonia*Fungicide*Herbicide 9 2.19 0.0055 
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Table A.18. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment, and herbicide application on plant stem length at Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 1672.3 <0.0001 
Fungicide seed treatment 3 43.83 <0.0001 
Rhizoctonia*Fungicide 3 56.26 <0.0001 
Herbicide application 3 1.25 0.2913 
Rhizoctonia*Herbicide 3 3.02 0.0306 
Fungicide*Herbicide 9 1.28 0.2489 
Rhizoctonia*Fungicide*Herbicide 9 1.12 0.35 
 
 
Table A.19. Analysis of variance showing the effects of Rhizoctonia infestation, fungicide 
treatment and herbicide application on yield at Monmouth in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia infestation 1 452.75 <0.0001 
Fungicide seed treatment 3 60.33 <0.0001 
Rhizoctonia*Fungicide 3 59.9 <0.0001 
Herbicide application 3 7.47 <0.0001 
Rhizoctonia*Herbicide 3 0.27 0.8503 
Fungicide*Herbicide 9 0.97 0.4656 
Rhizoctonia*Fungicide*Herbicide 9 1.6 0.1149 
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Appendix B: Supplemental Materials for Chapter 3 
Table B.1. Analysis of variance showing the effects of trial and treatment on root lesion length 
under greenhouse conditions in 2009. 
Source of Variation DF F value Pr>F 
Trials 1 0.1659 0.7437 
Treatments 19 109.00 <0.0001 
Trials*Treatments 19 0.3329 0.6526  
 
 
Table B.2. Analysis of variance showing the effects of trial and treatment final plant stands 
under greenhouse conditions in 2009. 
Source of Variation DF F value Pr>F 
Trials 1 1.751 0.6549 
Treatments 19 84.93 <0.0001 
Trials*Treatments 19 2.796 0.7915 
 
 
Table B.3. Analysis of variance showing the effects of trial and treatment on root lesion length 
under greenhouse conditions in 2010. 
Source of Variation DF F value Pr>F 
Trials 1 1.231 0.5982 
Treatments 31 117.93 <0.0001 
Trials*Treatments 31 2.933 0.6692 
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Table B.4. Analysis of variance showing the effects of trial and treatment final plant stands 
under greenhouse conditions in 2010. 
Source of Variation DF F value Pr>F 
Trials 1 0.9173 0.3902 
Treatments 31  79.83 <0.0001 
Trials*Treatments 31 0.8337 0.4613 
 
 
Table B.5. Analysis of variance showing the effects of Rhizoctonia inoculation, fungicide seed 
treatment, and herbicide application on root lesion length under greenhouse conditions in 2009. 
Source of Variation DF F value Pr>F 
Rhizoctonia inoculation 1 128.73 <0.0001 
Fungicide seed treatment 3 20.019 <0.0001 
Rhizoctonia*Fungicide 3 20.019 <0.0001 
Herbicide application 4 2.9048 <0.0001 
Rhizoctonia*Herbicide 4 2.9048 <0.0001 
Fungicide*Herbicide 12 0.0238 0.7028 
Rhizoctonia*Fungicide*Herbicide 12 0.0238 0.7028 
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Table B.6. Analysis of variance showing the effects of Rhizoctonia inoculation, fungicide seed 
treatment, and herbicide application on final plant stands under greenhouse condition in 2009. 
Source of Variation DF F value Pr>F 
Rhizoctonia inoculation 1 24.02 <0.0001 
Fungicide seed treatment 3 2.2916 <0.0001 
Rhizoctonia*Fungicide 3 2.2916 <0.0001 
Herbicide application 4 0.4625 <0.0001 
Rhizoctonia*Herbicide 4 0.4625 <0.0001 
Fungicide*Herbicide 12 0.1458 0.7028 
Rhizoctonia*Fungicide*Herbicide 12 0.1458 0.7028 
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Table B.7. Analysis of variance showing the effects of glyphosate application, Rhizoctonia 
inoculation, fungicide seed treatment, and herbicide application on root lesion length under 
greenhouse conditions in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 0.0877 0.2919 
Rhizoctonia inoculation 1 330.83 <0.0001 
Glyphosate*Rhizoctonia 1 0.0877 0.2919 
Fungicide seed treatment 3 19.73 <0.0001 
Glyphosate*Fungicide 3 0.0125 0.6329 
Rhizoctonia*Fungicide 3 19.73 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 0.0125 0.6329 
Herbicide application 3 6.1793 <0.0001 
Glyphosate*Herbicide 3 0.0037 0.7487 
Rhizoctonia*Herbicide 3 6.1793 <0.0001 
Glyphosate*Rhizoctonia*Herbicide 3 0.0037 0.7487 
Fungicide*Herbicide 9 0.0675 0.1976 
Glyphosate*Fungicide*Herbicide 9 0.0343 0.4807 
Rhizoctonia*Fungicide*Herbicide 9 0.0675 0.1976 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.0343 0.4807 
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Table B.8. Analysis of variance showing the effects of glyphosate treatment, Rhizoctonia 
inoculation, fungicide seed treatment, and herbicide application on final plant stands under 
greenhouse conditions in 2010. 
Source of Variation DF F value Pr>F 
Glyphosate application 1 0.0156 0.5427 
Rhizoctonia inoculation 1 213.89 <0.0001 
Glyphosate*Rhizoctonia 1 0.0156 0.5427 
Fungicide seed treatment 3 7.5156 <0.0001 
Glyphosate*Fungicide 3 0.0572 0.3719 
Rhizoctonia*Fungicide 3 7.5156 <0.0001 
Glyphosate*Rhizoctonia*Fungicide 3 0.0572 0.3719 
Herbicide application 3 10.0572 <0.0001 
Glyphosate*Herbicide 3 0.0156 0.5427 
Rhizoctonia*Herbicide 3 10.0572 <0.0001 
Glyphosate*Rhizoctonia*Herbicide 3 0.0156 0.5427 
Fungicide*Herbicide 9 2.1822 0.1911 
Glyphosate*Fungicide*Herbicide 9 0.1128 0.4699 
Rhizoctonia*Fungicide*Herbicide 9 2.1822 0.1911 
Glyphosate*Rhizoctonia*Fungicide*Herbicide 9 0.1128 0.4699 
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Table B.9. Analysis of variance showing the effects of Rhizoctonia inoculation, fungicide seed 
treatment, and herbicide application on root lesion length under greenhouse conditions in 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia inoculation 1 1187.7 <0.0001 
Fungicide seed treatment 3 3.02 0.0439 
Rhizoctonia*Fungicide 3 3.02 0.0439 
Herbicide application 3 221.74 <0.0001 
Rhizoctonia*Herbicide 3 221.74 <0.0001 
Fungicide*Herbicide 9 2.42 0.0316 
Rhizoctonia*Fungicide*Herbicide 9 2.42 0.0316 
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Table B.10. Analysis of variance showing the effects of Rhizoctonia inoculation, fungicide seed 
treatment, and herbicide application on final plant stands under greenhouse conditions 2010. 
Source of Variation DF F value Pr>F 
Rhizoctonia inoculation 1 2737.00 <0.0001 
Fungicide seed treatment 3 96.20 <0.0001 
Rhizoctonia*Fungicide 3 96.20 <0.0001 
Herbicide application 3 128.73 <0.0001 
Rhizoctonia*Herbicide 3 128.73 <0.0001 
Fungicide*Herbicide 9 27.93 <0.0001 
Rhizoctonia*Fungicide*Herbicide 9 27.93 <0.0001 
 
